We present the single event effect (SEE) tolerance of a mixed-signal application-specific integrated circuit (ASIC) developed for a charge-coupled device camera onboard a future X-ray astronomical mission. We adopted proton and heavy ion beams at HIMAC/NIRS in Japan. The particles with high linear energy transfer (LET) of 57.9 MeV·cm 2 /mg is used to measure the single event latch-up (SEL) tolerance, which results in a sufficiently low cross-section of σ SEL < 4.2 × 10 −11 cm 2 /(Ion×ASIC). The single event upset (SEU) tolerance is estimated with various kinds of species with wide range of energy. Taking into account that a part of the protons creates recoiled heavy ions that has higher LET than that of the incident protons, we derived the probability of SEU event as a function of LET. Then the SEE event rate in a low-earth orbit is estimated considering a simulation result of LET spectrum. SEL rate is below once per 49 years, which satisfies the required latch-up tolerance. The upper limit of the SEU rate is derived to be 1.3×10
The X-ray charge-coupled device (CCD) cameras have 2 been functioning as the primary focal plane detector of 3 modern X-ray astronomy thanks to their well-balanced 4 performances for imaging-spectroscopy [1, 2, 3] . Although 5 we owe the imaging performance of a camera to the X-6 ray telescope, the energy and timing resolutions depend 7 heavily both on the readout noise and on the processing 8 speed of the front-end electronics, respectively. Since the 9 forthcoming camera systems will require a larger number 10 of pixels, a higher frame rate and a lower readout noise 11 than those of the conventional systems, implementing the 12 electronics with discrete integrated circuits (ICs) will dis-13 sipate too much power in orbit.
14 Recently, application-specific integrated circuits (ASICs) 15 have been applied to the readout systems of the detec-
16
tors including X-ray CCDs [4, 5, 6] 
Specification of the heavy ion beam

100
We employed the charged-particle beams at a physics- In the case we use PH1 course, the particles are ac- 
Results of SEU Tests
LET spectrum in the LEO
218
The SEE event rate of an electronic devices in the spe- 
Estimation of SEE rate
235
The probability of SEE when a charged particle impact 236 the LSI is expressed as a function of LET (L) as following where P 0 is the saturated probability, L th is the thresh- 
249
Since we put the upper limit of the SEL probability us-
250
ing Xenon beam of 6 MeV/u, the most pessimistic estima- of neutrons, alpha particles and heavy recoiling ions [22] .
263
The resultant LET distribution in the silicon wafer is not 264 a δ-function but wide-spread function.
265
Hence we desire to calculate the number of SEU events LET of the secondary particle is smaller than L Si400 , we 273 regard the SEU as that due to the proton. We adopted distinguished from the signals due to X-ray photons from 295 astronomical objects. This means we need to consider the 296 SEU event as a part of the non X-ray background (NXB).
297
The NXB intensity of the X-ray CCD Camera onboard
298
ASTRO-H is expected to be similar to that of the X-ray 
